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ABSTRACT 

A series of experiments are described which were 
conducted to further refine experimental paradigms for the 
investigation of information processing skills relevant to pilot 
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attempt to measure the individual's information processing capacity 
as well as his susceptibility to performance degradation resulting 
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performance on these tasks to be highly dependent on individual 
differences^ therefore^ making them good candidates for use as tools 
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SUMMARY 



Problem 

The first year's effort of the present contract produced 
a conceptual model which emphasized the pilot's information seek- 
ing and information processing functions. A research program 
was generated in an attempt to isolate these skills and determine 
those conditions which led to a degradation of performance in 
tasks highly dependent upon these information processing functions. 
The objectives of the present effort were to further refine ex- 
perimental paradigms found useful for the investigation of in- 
formation processing skills relevant to pilot training^^j^^amd to 
gather baseline data using a male college population. 

Approach 

An attempt was made to refine existing experimental paradigms 
and develop new ones which were thought to be relevant to flying 
training and furthermore, sensitive to control and manipulation. 
Studies were designed to assess the extent to which these skills 
are affected by individual differences and the degree to which 
performance is degraded through the introduction of interfering 
and conflicting stimulus conditions. In this manner, a series of 
experimental tasks would be derived which could be used for t))c 
study of information processing skills within the pilot training 
environment. 

Results 

In a series of experiments, a number of basic information 
processing skills were investigated: array search, encoding latency, 
pattern processing, stimulus and response induced interference and 
processing capacity. Of importance was the finding that although 
digit span is a sensitive indicator of performance degradation re- 
sulting from the presence of interference stimuli, it does not ap- 
pear to be related to processing capacity. Instead, it appears to 
measure the operation of a passive mnemonic system. In another, 
series of studies, differences were reported among subjects in 
their ability to mentally rotate among figures lacking in verbal 
codability. Such findings have implications for the future study 
of spatial orientation necessary in flying. 

Conclusions and Recommendations 

The results have produced a refined set of paradigms and pro- 
cedures which are useful for the study of basic information pro- 
cessing functions. It is recommended that this program of research 
be expanded and applied to the actual pilot training environment. 
The results of continued efforts could more clearly define the re- 
quirements and limitations of information processing skills in the 
training environment. Such data could produce more effective stra- 
tegies for the training of these basic skills and thereby improve 
the current flying training program. 
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This report represents a portion of the research program of 
Project 1138, Perceptual Motor and Cognitive Components of the 
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Laboratory, Flying Training Division, Williams Air Force Base, 
Arizona. It represents the results of the second year's study of 
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tract F41609-74-C-0002 with the Air Force Human Resources Labor- 
atory. Dr. Barry Leshowitz was the Principal Investigator for 
Arizona State University. Drs. Wayne L. Waag and Edward E. 
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VISUAL AND AUDITORY INFORMATION PROCESSING IN 
FLYING SKILL ACQUISITION 



I . INTRODUCTION 



Although considerable effort has been expended in various 
laboratories on the study of the general effects of stress on 
performance, little is known about the relationship between stress 
and flying performance. The older investigations were mainly 
concerned with demonstrating the deleterious consequences of 
stress and suggest that, in general, performance_,in a complicated 
task is adversely affected by continued exposure to stress- 
producing stimulation. However, this older research has not 
been directed at uncovering the specific effects of stress on 
the task. Therefore, one cannot rely on this older literature 
in designing an effective training program which seeks to teach 
reactions under emergency conditions. 

Considerations of information processing provide a useful 
approach to the problem. Such an analysis of complex performance 
suggests that there exists three independent aspects of flying: 
alertness, selectivity, and processing capacity. The latter in- 
cludes such processes as short-term memory, long-term memory, and 
encoding. It is reasonable to assume that stress may adversely 
affect one or another of these component processes, and that 
through experience, pilots learn processing skills which enable 
them to process information under emergency conditions. The aim 
of Phase II of the present contract has been to discern the ef- 
fects of stress on these various aspects of processing, and to 
relate these findings to flying performance. 

In order to more precisely define those processing demands 
crucial to flying, a series of auditory and visual information 
processing experiments have been conducted. The initial labora- 
tory studies were devoted to defining the experimental task so 
that it would have face validity for experienced pilots and the 
capability of generating large amounts of useful data for even- 
tual application to the flying training program. In Phase II, 
tasks shown to be realistic and heuristic were tested on a typ- 
ical college age population. The direct output of this research 
program are instructional and diagnostic techniques for teach- 
ing information processing skills to a more homogeneous group, 
namely, incoming student pilots. 

The advanced aircraft of today is highly sophisticated with 
numerous pilot aids, such as computerized automatic flight control 
systems. It is clear that the sheer ability to exercise motor 
control over the aircraft is of less importance than a pilot's 



ERLC 



S 1 



ability to process information rapidly and accurately and to 
make correct decisions in real time. For example, the pilot 
must remember a great deal of information entering through the 
visual, auditory, and kinesthetic channels. This information 
is constantly being updated/ and its criticality is subject to 
radical shifts at various points in the flight regime. For ex- 
ample, pilots must make visual judgements of distance, speed, po- 
sition, and so forth, under conditions which are dynamically 
changing and therefore predisposing to error. 

Basic research into flying skills conducted in the period 
between the Second World War and 1960 was devoted primarily to 
acquisition and retention of perceptual-motor skills. In today's 
aircraft, it is obvious that a great deal more is required of 
the pilot than mastering a repertoire of simple stimulus-response 
motor connections. Consequently, an information-processing frame 
work seems to provide great utility in an analysis of the flying 
task. Unfortunately, while perceptual-motor abilities and their 
relationship to flying performance are reasonably well documented 
a similar body of research devoted to information processing 
skills is not available at this time. Nevertheless, a great deal 
is known about human processing of information under normative 
conditions. 

The human processor can be described in terms of a system . 
Information from the environment enters the system as undiffer- 
entiated and unprocessed events. The input is accepted into sen- 
sory or iconic memory. The raw information is then processed in 
a short-term-memory buffer. The buffer may be either auditory 
or visual, depending on the sense modality receiving the orig- 
inal material. In short-term memory, sometimes called active 
memory, the material is rehearsed for more permanent storage in 
the long-term memory -buffer. Communication to the outside world 
is accomplished via the short-term-memory system. 

In the high-information-load situation characterizing fly- 
ing, great amounts of information enter iconic memory and pass 
through the short-term system. In a real sense, the sensory and 
short-term memory buffers are at the heart of the processing sys- 
tem. It is for this reason that considerable effort has been de- 
voted to developing efficient diagnostic techniques for enhancing 
operation of the initial acceptance and filtering of information 
and subsequent processing of the short-term memory system. 

In choosing particular experimental approaches to the prob- 
lem, it was necessary to extend a rather broad net* To this end, 
the experiments reported here investigated several processing 
stages and employed several dependent and independent variables. 
In addition, the sensory modality through which Jr a information 
entered was examined together with the interaction between vari- 
our sensory modalities. This research program is divided (Part 
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1 and Part' 2) into work completed by each of the two principle 
investigators . 



II. PART 1 - RESEARCH PROGRAM 

An overview of the Part 1 research program is presented in 
Table 1 with summaries of all experiments. 



Table 1. Summary of Experiments 



Experiment Modality Dependent Coda- Processing 

Variable bility Stage 



1. Array 
Search 


Visual 


Recogni- 
tion 


High 


Iconic Memory 


2. Process- 
ing Time 


Visual 


Recogni- 
tion 


Low 


Short-Term 
Momory 


3. Process- 
ing of 
Info rma- 
tion Pat- 
terns 


Auditory 


Discrim- 
ination 


Low 


Iconic Memory 

Short-Term 

Memory 


4. Encoding 
Latency 


Visual 


Reaction 
Time 


High 


Short-Term 
Memory, Long- 
Term Memory 



Experiment I: Array Search 

Investigations conducted in the course of the research pro- 
gram demonstrated that observers process arrays of visual informa- 
tion according to some well-defined principles. Moreover, it ap- 
pears that there exist optimal strategies potentially available 
for reduction, synthesis, and retention of these complex arrays. 
For example, when an observer is asked to remember a 4 X 3 array 
of letters, all observers scan the information in a similar fash- 
ion, namely, fi'om left: to right, and from the center to the peri- 
phery. It was noted that additional time devoted to scanning en- 
hances subsequent recognition of the array. Also, a subsequently 
presented interfering stimulus diminishes retention of the original 
array . 
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A partial-rcport recognition memory procedure was employed 
to assess the importance of response-^induced interference in 
recognition of briefly-presented arrays of letters. An experi- 
mental trial consisted of presentation of a 3 X 4 visual array 
followed by four sequentially presented test letters from the 
indicated row. In contrast to data obtained using standard re-- 
call procedures, memory strength did not vary with position in 
the test list. The failure to obtain appreciable response-induced 
interference is taken as evidence indicating that fundamentally 
different mechanisms underlie retrieval and/or coding in recogni- 
tion and recall . 

Not enouqh quantitative data exist to define how pilots scan 
instrument pa*;els or how efficient scanning strategies are leaned 
in tho course of flight training. Suppose a pilot is asked to 
scar an array of instruments and retain the information contained 
in the display. Retention 'of this information is then probed usin^ 
a memory-recognition paradigm, wherein the subject is asked to re- 
cognize whether a subsequently-presented instrument reading (ca.'^.led 
a test stimulus) had occurred in the original stimulus array. It 
is anticipated that skilled instructor pilots will display highly 
effective scanning strategies which are quite different from 
those of the novice pilot. 

Future research should focus on a longitudinal investigation 
of the development of scanning strategies over time for student 
pilots enrolled in i:ae flying training program. With appropriate 
manipulation of the parameters of the stimulus array, it is antici- 
pated that optimal strategies could be taught to student pilots. 
Actual instructional techniques for optimizing scanning behavior 
would be the output of this work (Leshowitz, Hanzi / and Zurek, 1975) 

Experiment II: Visual Processing Time 

In Phase I, a large effort was devoted to mapping the time- 
course of processing information in auditory memory. In Phase II, 
in order to measure the time required to process information in 
the visual store, a simple memory recognition paradigm was employed. 
Subjects were first presented a test stimulus, a visual pattern, 
and subsequent to presentation of the first stimulus, an inter- 
fering or retroactive masking stimulus was presented. When the 
retroactive masking stimulus closely followed the test stimulus, 
there was a large loss in retention of the test stimulus. With 
increases in temporal separation between test and retroactive 
stimuli, performance improved markedly. From these results, it 
was determined that approximately 250 milliseconds is required for 
processing an item of visual information. 

Large individual differences in ability to process information 
in sensory memory were obtained. For some individuals, it ap- 
pears that a retroactive stimulus produces large deleterious ef- 
fects on performance. For other observers, these interfering 
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effects are miniiDal. It appears then that observers have dif- 
ferent capacities for processing information. Future efforts 
should investigate auditory and visual processing of sensory in- 
formation in the pilot environment. Suppose an observer is asked 
to monitor a single instrument, following which the observer is 
required to process information emanating from a second instru- 
ment. Temporal separation between presentation of the first 
reading and presentation of the second reading will serve as the 
major experimental variable. Undoubtedly, the requirement of 
monitoring the second instrument will interfere with retention of 
the original instrument reading. Now^ suppose we also ask the 
subject to process not only the original test stimulus, but also 
the retroactive stimulus. In a second experiment, observers 
(pilots) would be required to retain both the first and second 
instrument readings. In this way, we couli compare the inter- 
fering effects of the second stimulus both when it is used as a 
blanking stimulus (no processing required) and when it demands 
processing itself (both test and retroactive stimuli retained) . 
In a third experiment, we would assess the pilot's ability to 
carry on a task in the face of disruption by his own interfering 
effects. Specif ically / we would determine whether the second 
tested stimulus is more poorly retained than the first, irre- 
spective of the item's original position a'>* a test or intei- 
fering stimulus (Leshowitz and Baalman, 1975a) . 

Experiment III: Processing of Patterns of Auditory Information 

Previous research has shown that brief sounds can be dis- 
criminated on the basis of differences in the spectral content 
of the waveform. The aim of the present work was to assess the 
importance of spectral processing in the perception of temporal 
order. In an effort to prevent spectral information from serv- 
ing as the basis for perception of temporal order, sequences of 
four tones were presented dichotically in a repeated tape loop. 
Component tones in the sequence were administered to the left or 
right ear according to a predetermined random order. On each 
trial, tv^o sequences of tones were presented, and the task of the 
observer was to determine whether the order of presentation was 
the same or different for the two sequences. The duration of 
component sounds required for reliable discrimination was 90 
msec. The duration threshold for a dichotic presentation was 10 
msec. A second study inves tigated~^the perception of temporal 
order for high and low tone bursts presented in a nonrepeated 
sequence consisting of the two tones, a noise, and a buzz. Here 
the task was to determine whether the order of the high and low 
tones in the two sequences was the same or different. The lo- 
cation and temporal order of the buzz and noise in the two se- 
quences were randomized and irrelevant to the discrimination . 
Temporal order could be perceived when the duration of each com- 
ponent sound was 20 msec. 



The results suggest that central processing of auditory pat- 
terns can be accomplished when duration of an item is about 100 
msec* Thus, the time constant for processing information ac- 
tually is considerably greater than that governing integration of 
information at the sensory register. The latter is about 10 msec. 
Whether individuals differ with respect to these integration 
times ^ and whether training can improve these capacities^ are 
topics for future research (Leshowitz and Hanzi^ 1974) • 

E xperiment IV; Rotation of Nonlinguistic Mental Images 

The ability to process abstract information was assessed in 
a number of investigations on rotation of mental images. This 
ability is especially important under flying conditions when de- 
cisions must be made accurately under time pressure. The present 
work represents a laboratory analog of this decision problem. 

In Phase 11^ an extensive investigation of encoding visual 
information which was nonlinguistic in nature was carried out. 
The subject was first shown a visual figure to be retained for 
later recognition. After some inter-stimulus interval, a second 
stimulus was presented. The subject's task was to classify the 
second stimulus as the "same" or "different" as rapidly as pos- 
sible^ while maintaining a low error rate. The second figure 
could be rotated about its vertical axis^ and^ the subject had 
to classify the figure^ irrespective of its rotation. 

Some responses show a difference of 60 msec between non- 
rotated and rotated 45° at 0 ISI. This difference is 125 msec 
for 90 . At two seconds ISI, however^ these differences are 0 
for 45° and 20 msec for 90°. The 45° rotation remains flat over 
ISI while nonrotated increases by 55 msec over ISI. The data sug- 
gest that the subject views the first stimulus and then rotates it 
mentally to generate the alternative match. This mental rotation 
cannot be accomplished within the 0 ISI and therefore RT for the 
rotated figures is increased. By two sec the mental rotation has 
been accomplished and the match can be made more quickly^ thus the 
reduction in rotated RT at two sec ISI. The nonrotated RT in- 
creases because the subject must now decide between the two "same" 
cases f rotated and nonrotated. 

For the case of letters of the alphabet, a number of studies 
in rhe literature have shown that when the two stimuli to be com- 
pared are presented with no temporal interval separating them^ 
reaction time to the physically same stimulus is much faster than 
when upper and lower case stimuli are compared. The comparison 
of different case symbols requires additional processing time and^ 
therefore^ gives rise to higher reaction times. When the separa- 
tion between the two letters is appreciable (say a few seconds) , 
subjects respond equally rapidly to physical and name matches. 
We have now demonstrated that a similar result characterizes pro- 
cessing noncodable, nonlinguistic visual stimuli. Apparently, 
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visual stimuli can be processed without language serving as a 
mediator. That subjects can mentally rotate figures, and that 
this rotation is not language bound has important implications 
for interpretations of processing visual information in the cock- 
pit . 

The flexibility inherent in coding nonlinguistic visual 
stimuli and the ability to rotate visual images represents, we 
feel, an important cognitive capacity related to proficiently 
flying aircraft. In flying an aircraft, any number of stimulus 
conditions, although physically dissimilar, are conceptually 
equivalent. Experienced pilots undoubtedly learn these equi- 
valences. Future investigations of conceptual equivalences could 
be incorporated in an experiment on processing complex stimuli. 
Suppose that a pilot is presented a complex array of information 
(instrument readings) which correspond to some aspect of a maneu- 
ver. Now suppose the subject is presented an equivalent, but non- 
identical ensemble of instrument readings. The subject's task 
is to categorize the two stimulus arrays as the same or different. 
In other v/ords, the "same" response would be required if either 
the two instrument readings were physically identical or con- 
ceptually equivalent. The experimental variable of major inter- 
est would be the temporal separation (encoding time) between the 
first and second stimuli. It is assumed that the experienced 
pilot would be able to respond rapidly and accurately, whereas 
a student pilot would have great difficulties determining 
functional equivalences under such time pressures. Thus, in the 
initial experiment, instructor pilots would be used to define 
the conceptual equivalences and then would be employed in actual 
research. The development of this encoding ability could be in- 
vestigated in a second longitudinal investigation involving Stu- 
dent pilots (Leshowitz and Baalman, 1975b) . 



III. PART 2 - RESEARCH PROGRAM 

In so-called "multichannel" experimentation, individuals 
are confronted with the task of processing information received 
by two or more "channels" at the same time. The two "channels" 
might be within the same sensory modality (e.g., two different 
messages, one to the left ear and one to the right ear, as in 
dichotic listening) or they might be between two sensory modalities 
(e.g., one message spoken and one message pictorially displayed). 

A pilot is always in the position of being required to pro- 
cess complex arrays of information which in many cases are pre- 
sented over several channels simultaneously. For example, while 
listening for landing instructions from a control tower, a pilot 
must also maintain visual contact with his instrument panel, and 
in addition, commence a rather complicated series of movements 
(involving tactile and kinesthetic modalities) in preparation for 
landing. It would appear, therefore, that multichannel experiments 



offer a reasonable avenue for research directed toward analyzing 
information processing skills relevant to pilot training. 

Phase I oi the contract investigated the effects of multiple 
auditory channels on perception and memory. On each trial , sub- 
jects received two lists of digits simultaneously, one to each 
ear, with instructions to reproduce as many of the digits as pos- 
sible immediately following stimulus presentation. It was found 
that subjects reported all of the digits received by one ear and 
then from the other ear rather than crossing between ears and re- 
porting together pairs of items presented simultaneously. 

The reliability of these report patterns suggested that sub- 
jects differentially processed the two lists of digits received 
on each trial. Subjects apparently attend to one message and re- 
port it first during recall. The second message is held in storage 
until processing of the first message has been completed/ at which 
time it is given access to the processing mechanism. 

Hvidence for differential processing was also revealed by 
studies of interference. Subjects were instructed to attend to 
one ear and to report it first (attended-unattended report) or 
second (unattended-attended report) during recall. A binaural 
stimulus suffix UH was placed at the end of one-half of the lists. 
The effect of the binaural stimulus suffix was restricted to the 
terminal serial positions of the unattended ear message, regard- 
less of whether that message was reported first or second. 

Wide individual differences were obtained with the dichotic 
tasks employed during Phase I. It was found that these differ- 
ences could be accounted for in large part by the subject's digit 
span. That is, by grouping subject's according to digit span, 
we accounted for approximately 80% of the variance in the dicho- 
tic task. Phase II of the contract was devoted to an expansion 
of these efforts. A brief summary of the scope of the second 
year's (Part 2) effort is presented in Table 2. 
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Table 2* Summary of Multichannel Experimentation 



Experiment 


Modality 


Dependent 
Variable 


Coda- 
Di iity 


Processing 
o cage 


1. 


Interfer- 
ence in 
dichotic 
memory 


Auditory 

■ 


Recall 


High 


Echoic Memory 
onor t.— 1 erm 
Memory 


2. 


Sequen- 
tial Pre- 
sentation 


Auditory 


Recal 1 


nign 


r*cnoic nemory 

Short-Term 

Memory 


3. 


Stimulus 
Category 


Auditory 


Recall 


High 


Echoic Memory 

Short-Term 

Memory 


4. 


Binaural 
Auditory 
Memory 


Auditory 


Recall 


High 


Echoic Memory 

Short-Term 

Memory 


5. 


Process- 
ing Capa- 
city 


Visual and 
Auditory 


Reaction- 
Time 
Recall 


High 


Echoic Memory 

Short-Term 

Memory 



Experiment I: Stimulus Suffix Effects in Dichotic Memory 

The first experiment was conducted to determine if digit 
spans were related to the amount of interference produced by a 
stimulus suffix in dichotic tasks* Thirty-two subjects (8 with 
digit spans of 6, 7, 8, and 9) were run with dichotic lists con- 
sisting of four digits per ear. Baseline performance for each 
subject was based on one-hundred trials* Each subject was in- 
structed to attend to one ear (balanced right and left within 
each digit span group) and to report it first during recall* 
During the second one-hundred trials, a binaural stimulus suffix 
was recorded at the end of each dichotic list. 

The results indicated that performance varied as a function 
of digit span with high digit span subjects (8 or 9) recalling 
with greater accuracy than low digit span subjects (6 or 7) . 
Furthermore, the interference produced by a stimulus suffix was 
an inverse function of digit span. Considering only the dif- 
ference between baseline and suffix performance on the terminal 
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serial position of the unattended ear, the following decrements 
were observed: 6 digit span = 33%; 7 digit span = 32%; 8 digit 
span = 23% and 9 digit span = 18% (Parkinson and Hubbard, 1974) . 



Experiment II: Stimulus Su ff i x Effects with Sequentially Pre- 
sented Auditory-Verbal Stimuli 

This experiment was essentially a replication of Experiment 
I with the exception that instead of presenting eight digits 
dichotically , four digits per ear, digits were presented sequen- 
tially in a single auditory channel. This was done to determine 
if the relation between digit span and interference were unique 
to dichotic tasks. 

Forty subjects (8 each with digit spans of 6, 1, 8 and 9; 
4 each with digit spans of 5 and 10) were given two-hundred trials 
consisting of seven sequentially presented digits. One-hundred 
of the^trials included a stimulus suffix at the end of each list. 
Control and suffix trials were presented in ABBA order in two 
one-*hour sessions . 

The results were again clear; i.e., subjects with higher 
digit spans achieved higher performance and their recall accuracy 
was less vulnerable to interference produced by a stimulus suffix 
(Parkinson and Perey, in press) . 

Experiment III: The Influence of Stimulus Category in Dichotic 

Tasks 

In the dichotic studies conducted previously, stimuli con- 
sisted entirely of digits. In the present experiment, subjects 
received dichotic lists comprised of word/digit pairs with in- 
structions to recall either by spatial location (right ear, left 
ear) or by stimulus category (words, digits). 

The digits were selected randomly from the set l-£/ 8_, and 
9 while the words were selected from the following set: book , 
cat , clock/ day , girl , hill , leg, and moon . No digit or word 
appeared twice on a given trial. 

There were three kinds of lists used/ based on the number of 
times subjects had to switch between categories to report by ear 
or between ears to report by category. With 1-crossing lists, 
subjects were required to switch once from one ear to the other 
in order to report by category and from one category to the other 
to report by ear; with 2-crossing lists, subjects had to switch 
twice; and 3-crossings lists, three switches were needed. An 
example of a 3-crossings list would be "girl-5-clock-l" presented 
to the right ear and 3--road-6-h.i 11 " presented to the left ear. 
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The results of this experiment indicated that accuracy of 
performance was an inverse function of the number of times sub- 
jects had to switch between channels, either between categories 
for ear reports or between ears for category reports. 

Reporting by stimulus category was superior to reporting by 
ear. A binaural stimulus suffix was included in a second phase 
of this experiment. Greater interference was found with ear re- 
ports than with category reports. 

The results of this experiment show that when subjects re-- 
ceive two "channels" of information, those channels are not used 
with equal effectiveness in determining memory persistence. 
Organizing reports by stimulus category resulted in more per- 
sistent traces which wer-B less susceptible to interference than 
comparable ear reports (Knight and Parkinson, 1974 ) . 

Experime nt IV: M emory for Binaurally Presented Stimuli 

In the variants of the dichotic task employed, subjects 
have rece.' ved sequences of digit or word/digit pairs with in- 
structions to reproduce as many of the items as possible. Both 
spatial location and stimulus category have been shown to be ef- 
fective channels by which subjects organize stimuli for recall. 
If both members of each digit pair are presented binaurally 
(thus removing the cue of spatial location) but are made to dif- 
fer along dimensions of pitch or loudness, subjects organize their 
reports along those dimensions. 

In the present experiment, an attempt was made to remove all 
cues (other than temporal) by which subjects might order reports. 
Subjects received sequences of either two, three, or four digit 
pairs. Both members of each pair were recorded by the same male 
voice and both were presented binaurally, thus removing the cue 
of spatial location 

Pulse-coded speech stimuli were used to insure greater con- 
trol over cues of: (a) onset and offset asynchrony between mem- 
bers of each digit pair, and (b) total energy. 

Two important results have emerged from the binaural experi- 
ments. I'irst, accuracy of performance in this task was lower than 
is generally found in dichotic tasks. This indicates the impor- 
tance of cues of spatial location, loudness, and pitch in the per- 
ception and retention of auditory-verbal information. Second, re- 
port patterns in these experiments were not random. Subjects * 
structured their reports according to temporal sequence; i.e., 
they reported one member from the first digit pair, then one from 
the second pair followed by one member from the third pair. This 
set of digits was followed by the remaining numbers of the first, 
second, and third pairs respectively. 
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The results from studies of interference have implications 
for transmitting auditory-verbal information. The capacity of 
the human perceiver for receiving information is sharply limited. 
For effective transmission of information, it is suggested that 
the messages be kept short. The suffix experiments indicate 
that if two messages are to be received in rapid succession, more 
efficiency would be achieved if the second message were spoken 
in a different voice or at a different intensity than the first 
message. This would enable the pilot to rapidly shift attention 
to the second message and it would preclude loss of first message 
information resulting from the presentation of the second mes- 
sage (Parkinson, Knight, DeMaio, and Connors, 1974) . 

Experiment V: Processing Capacity 

One concept which has been mentioned repeatedly in this re- 
search is that of "central processing capacity." In terms of the 
way this concept is used, it refers to the attention or energy de- 
mands of a task. It is assumed that the perceptual system is a 
limited capacity central processor which receives inputs and trans- 
forms them to generate output. The input messages and the func- 
tions which transform them take up capacity or energy which is 
common to both. 

Previous attempts to define processing capacity have emphasize 
either the informational content of messages or stimulus-response 
compatibility. However, neither of these approaches has been ade- 
quate. If the perceptual system is actually a limited capacity 
central processor, then we might ask whether differences in per- 
fo rmance between subjects (i.e., in dichotic tasks or in visual 
search tasks) can be attributed to differences in amount of cen- 
tral processing capacity. 

In Experiment 5, subjects with digit spans of 5, 6, 7, 8, 
anc 9 were tested in a task-load problem. Previous experiments 
directed toward measuring processing capacity have employed a 
Probe-Reaction-Time Procedure. This consists of a Primary Task, 
the processing capacity of which is to be measured. Occasionally, 
while the subject is performing the Primary Task, a stimulus is 
presented to which he must resporu as rapidlv as possible (Sec- 
ondary Task). The difference between an ind<vidual*s reaction 
time (RT) on a Secondary Task and on a baseline task (RT as only 
task) is used as an index of the processing requirement of the 
Primary Task. 

In the present experiment, digit recall was the primary task. 
Each subject received sequences of seven to-be-remembered digits. 
A visual probe was presented once during each list. Subjects 
were instructed to respond to the probe as rapidly as possible 
and to reproduce the digit sequence in the correct order. The 
difference in reaction time to th. probe during baseline and when 
it was superimposed on diaif r.:^ was .ed as the measure of 
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processing capacity. 



Wide individual differences in processing capacity were ob- 
tained but they were not a function of digit span. Rather than 
measuring central processing capacity, digit span appears to 
measure the operation of a passive mnemonic system. 

The secondary task or task-load procedure outlined above has 
been employed extensively in information processing literature. 
It also provides a potential vehicle for monitoring processing de- 
mands of piloting. 

Future research should employ a variety of relevant primary 
tasks such as dial searching, detecting a signal in noise, memory 
tasks, etc., on which a battery of secondary tasks can be super- 
imposed. Mapping of secondary task interference could aid in 
measuring the processing demands of components of the flight task 
which would, in turn, suggest a more efficient program for simu- 
lator research (DeMaio and Parkinson, 1974) . 
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